The study of the intercalation of organic compounds into clays, as in the preparation of pillared clays, is of great importance both from the theoretical point of view and for its applications in pharmacy, agriculture, clay characterization, catalysis, etc. (MacEwan and Wilson, 1980; Theng, 1974; Pinnavaia, 1983) . At different temperatures, intercalated organic molecules, especially long-chain molecules, can undergo reversible phase transitions, and hydratable cations can hydrate to different degrees. These phenomena can be followed by studying the variation in X-ray powder diffraction (XRD) basal spacing with temperature (Brindley and Ray, 1964; Lagaly and Weiss, 1971; Pfirrmann et al., 1973) .
Design and description of the stage
The heating and cooling stage is constructed for a Philips diffractometer and consists essentially of three fundamental parts (Figure 1 ): the stage itself, the heating resistance, and the cold source. These three parts are independent and only need to be coupled at the moment of carrying out the XRD examination.
The stage (l) is made of anodized aluminum and is thicker than the standard Philips sample holder to permit the housing of a platinum resistance thermometer probe (5) and a thermistor (6). The stage has a groove in the form of an H (2), which acts as a thermal seal, preventing heat losses from the sample cup (3) towards the sides and the axis of the diffractometer. The stage is therefore thermally isolated and mechanically bound to the system. The high diffusivity of aluminum guarantees a temperature homogeneity in the sample. The notches (4) serve as housing for the metal edging (7), Copyright 9 1991, The Clay Minerals Society which, with the screw (8), holds the assembly together. These notches are sufficiently deep that the edging does not protrude into the optical path of the X-ray beam.
The heat source (9) consists of a block of anodized aluminum of the same lateral dimensions as the sample cup, so as to avoid creating large temperature gradients. Its interior houses a Kantal resistance wire (11) in small grooves, as described by Jimenez et aL (1984) . This resistance wire is supplied through a regulator governed by the thermistor (6).
The cold source (10) is made from a small brass box and has the same lateral dimensions as the sample cup. As with the heat source, it is designed to avoid creating thermal gradients. This box has a small tube in each side to permit the flow-and temperature-regulated circulation of water or whatever other liquid is used.
The use of the cold source together with the heat source is a fundamental difference of this stage to others described in the literature. The combination of both permits a very accurate regulation of the system (as the platinum resistance thermometer does not show variations greater than +0.1~
This system allows the temperature to be increased rapidly without the problem of thermal inertia, because the cold source dissipates the heat quickly. An additional advantage of this system is that the sample can cool to the required temperature rapidly, without having to change the stage.
For studies requiring a sample temperature less than that of the laboratory, a liquid at the required temperature can be circulated through the cold source; the heating resistance is then used for fine regulation of temperature.
Applications of the stage to the study of a pesticide vermiculite complex
To illustrate the application of this system, the interaction of vermiculite from Santa Olalla, Spain, with the cationic pesticide chlordimeform (Hermosin and Prrez-Rodriguez, 1981; Moritlo et aL, 1983) was studied. The vermiculite was saturated with sodium so that the pesticide entered the interlamellar positions. Because the spacings of the hydrated sodium vermiculite and the chlordimeforrn-vermiculite complex are very similar (14.9 and 14.7 A, respectively), it is difficult to be sure that the pesticide actually entered interlamellar positions.
On heating the Na-vermiculite to 110~ the basal spacing should decrease to 12.6 A (Morillo, 1988) , hence, the persistence of the spacing at 14/~ suggests that the pesticide had entered the interlamellar positions. Most of the samples, however, could not be heated to even moderately high temperatures, because the organic compound volatilized or decomposed. On the other hand, if the sample was removed from the oven and examined at relatively high humidity, the Na-vermiculite rehydrated rapidly, giving a characteristic spacing at 14.9 A, which overlapped with that of the vermiculite-chlordimeform complex.
To resolve this problem, the Na-vermiculite was subjected to heating-cooling cycles between 15 ~ and 25~ measuring the diffractions at I~ steps. The 14.9-~k basal spacing remained constant to 20~ above which the 12.6-~k line appeared, in addition to the 14.9-A line. The 12.6-A line increased in intensity with time, and after 10 min it was the only diffraction line remaining in the angular interval studied. If the sample was examined at 21~ the 12.6-,& phase formed practically instantaneously, being the stable phase from this temperature in the range of temperatures studied. If the 12.6-A phase was examined at progressively decreasing temperatures at relatively high humidity, the reflection at 14.9/~ began to appear at 20~ The 14.9-/k phase was the only phase present if the sample was examined at 19~ or less. The heating-cooling cycles were totally reversible.
Subjecting the chlordimeform-vermiculite complex to an analogous heating cycle, the basal spacing of 14.7 /k did not vary between 7 ~ and 35~ At which 35~ the spacing begins to vary due to the slow decomposition of the pesticide (Figure 3) .
Using this type of stage, the presence of organic species in interlamellar positions ofswellable clay minerals can be investigated, even in the presence of inorganic cations of high hydration energy, which give spacings in the same 20 range as those of the compounds studied. 
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